Background: Besides tobacco and alcohol, dietary habits may have a relevant role in oral cavity and pharyngeal (OCP) cancer.
Oral cavity and pharyngeal (OCP) cancer is the eighth most common neoplasm and the eleventh leading cause of cancer in Europe, with a five-fold higher incidence in men as compared with women (Ferlay et al, 2010; Bosetti et al, 2013) .
Tobacco and alcohol are the major recognised risk factors for OCP cancer, with relative risks in the order of 5-10 for smokers as compared with nonsmokers (IARC, 2004) and for heavy drinkers as compared with abstainers or moderate drinkers (Bagnardi et al, 2001; IARC, 2010) .
Dietary and nutritional habits have also been reported to have a relevant role in the development of this neoplasm. In particular, a diet rich in vegetables, fruits, carotenoids and other vitamins has been associated with a reduced risk of OCP cancer, whereas the evidence for other foods or nutrients is less convincing (World Cancer Research Fund and American Institute for Cancer Research, 2007; Lucenteforte et al, 2009; Bradshaw et al, 2012; Bravi et al, 2012; Chuang et al, 2012) .
In a multicentric case-control study from Italy and Switzerland conducted in the 1990s, the odds ratio (OR) of OCP cancer for the highest vs the lowest level of consumption was 0.4 for raw vegetables, 0.5 for cooked vegetables, 0.5 for citrus fruits and 0.7 for other fruits (Franceschi et al, 1999a) , and ORs were between 0.3 and 0.7 for various antioxidant vitamins, including carotene, vitamin C and E, thiamine, vitamin B6, folic acid and niacin (Negri et al, 2000) . Significant inverse associations were also reported for high consumption of bread, poultry, fish, proteins and monounsaturated fats, whereas direct associations were observed for eggs, processed meat, sweets and desserts and saturated fatty acids (Franceschi et al, 1999a, b; Negri et al, 2000) .
In the present work, we analysed the role of selected food groups, macronutrients and micronutrients on OCP cancer in a case-control study carried out in Italy and Switzerland since the late 1990s.
MATERIALS AND METHODS
A case-control study on OCP cancer was conducted between 1997 and 2009 in the greater Milan area, Italy and in the canton of Vaud, Switzerland. Cases were 768 patients (593 men and 175 women) under age 79 years (median 58 years, range: 22-79 years) with incident, histologically confirmed squamous cell cancers of OCP (excluding cancers of the lip, salivary glands and nasopharynx), admitted to major teaching or general hospitals in the areas under investigation. Controls were 2078 subjects (1368 men and 710 women, median age 59 years, range: 19-79) with no previous history of cancer, admitted to the same hospitals for acute, nonneoplastic conditions unrelated to tobacco smoking, alcohol drinking or long-term dietary modifications. Among controls, 19% were admitted for traumas, 21% for other orthopaedic conditions, 51% for acute surgical conditions and 9% for other miscellaneous conditions. In Italy, less than 5% of the cases and controls approached refused to participate in the study; in Switzerland, the proportion of refunds was about 15%.
Trained personnel interviewed both cases and controls during their hospital stay using a structured questionnaire, including information on sociodemographic characteristics, anthropometric measures and selected lifestyle habits (including tobacco smoking and alcohol drinking). Subjects' dietary habits during the 2 years before cancer diagnosis or hospitalisation (for controls) were assessed through a valid (Decarli et al, 1996) and reproducible (Franceschi et al, 1993 (Franceschi et al, , 1995 food frequency questionnaire (FFQ), including information on weekly consumption of 78 foods, recipes and beverages. For a few vegetables and fruits, seasonal consumptions and corresponding durations were elicited. Food items were combined into 18 food groups: milk and yoghurt; cereals; soups; eggs; poultry; red meat; processed meat; fish; cheese; raw vegetables; cooked vegetables; all vegetables; potatoes; citrus fruits; other fruits; all fruits; desserts; and sugars. To estimate the daily intake of nutrients and total energy, we used an Italian food composition database (Gnagnarella et al, 2004) . To evaluate the role of macronutrients independently from total energy intake, we derived energy-adjusted nutrients according to the residual method (Willett and Stampfer, 1986) .
We categorised food groups, micronutrients and energyadjusted macronutrients into quintiles (or quartiles/tertiles for a few foods with low frequency of consumption), according to the distribution among the control population. The ORs and corresponding confidence intervals for quantiles of intakes were estimated using multiple logistic regression models, including terms for age (5-year groups), sex, centre (Italy, Switzerland), education (o7, 7 to o12, X12 years), year of interview (continuous), body mass index (BMI, o20, 20 to o25, 25 to o30 kg m À 2 ), tobacco smoking (never smoker, ex-smoker, current smoker of: o15, 15-24, X25 cigarettes per day), duration of smoking (o30, 30-39, X40 years), total alcohol drinking (o2, 2 to o4, 4 to o8, X8 drinks per day), duration of alcohol (o30, 30-39, X40 years) and nonalcohol energy intake (quintiles) (Breslow and Day, 1980) . We also estimated the ORs for combinations of selected food groups (i.e., fruit, vegetable and meat) and lifestyle habits (i.e., tobacco smoking and alcohol drinking), and we tested the corresponding interaction by likelihood ratio tests. Table 1 shows the distribution of 768 OCP cancer cases and 2078 controls according to centre, sex, age and other selected characteristics. Cases and controls had similar distributions for age and education; cases had a lower BMI and were more frequently heavily exposed to tobacco smoking and alcohol drinking. Table 2 gives the median weekly intake of selected food groups, and the corresponding ORs of OCP cancer. Significant inverse trends in risk were observed for raw vegetables (OR ¼ 0.25, for the highest vs the lowest quintile of consumption), cooked vegetables (OR ¼ 0.50), citrus fruits (OR ¼ 0.50) and other fruits (OR ¼ 0.49). The ORs were 0.19 for all vegetables and 0.39 for all fruits. Significant trends of increasing risk were found with increasing consumption of potatoes (OR ¼ 1.85, for the highest vs the lowest quintile of consumption) and desserts (OR ¼ 1.68). Significant direct associations were also observed for high vs low intake of milk and yoghurt (OR ¼ 1.50), eggs (OR ¼ 1.71) and red meat (OR ¼ 1.55), though in the absence of a linear trend in risk. Table 3 shows the mean daily intake of selected macronutrients, fatty acids and cholesterol, and the corresponding ORs of OCP cancer. Significant inverse trends in risk were observed for vegetable protein (OR ¼ 0.45, for the highest vs the lowest quintile of intake), vegetable fat (OR ¼ 0.54) and polyunsaturated fatty acids (OR ¼ 0.53), whereas significant increased trends in risk were observed for animal protein (OR ¼ 1.57), animal fat (OR ¼ 2.47), saturated fatty acids (OR ¼ 2.18) and cholesterol (OR ¼ 2.29).
RESULTS
The mean daily intake of selected micronutrients, and the corresponding ORs of OCP cancer, are given in Table 4 . Significant inverse trends in risk were observed for a-carotene (OR ¼ 0.51, for the highest vs the lowest quintile of intake), b-carotene (OR ¼ 0.28), b-cryptoxanthin (OR ¼ 0.37), lutein and zeazanthin (OR ¼ 0.34), vitamin E (OR ¼ 0.26), vitamin C (OR ¼ 0.40) and total folate (OR ¼ 0.34). A significant direct trend in risk was observed for retinol (OR ¼ 1.88). Figure 1 shows the ORs of OCP cancer for combinations of fruits, vegetables and meat and lifestyle habits (tobacco smoking and alcohol drinking). Compared with the never/ex-smokers in the highest intake tertile, current smokers of X25 cigarettes per day in the lowest intake tertile had an OR of 13.31 for fruits and 24.54 for vegetables; as compared with never/ex-smokers in the lowest intake tertile, current smokers of X25 cigarettes per day in the highest intake tertile had an OR of 8.00 for red meat. Compared with drinkers of o2 drinks per day in the highest tertile of intake, drinkers of X4 drinks per day in the lowest intake tertile had an OR of 14.05 for fruits and of 24.12 for vegetables; as compared with drinkers of o2 drinks per day in the lowest tertile of intake, drinkers of X4 drinks per day in the highest intake tertile had an OR of 11.47 for meat.
DISCUSSION
Our study provides further evidence on the role of diet on OCP cancer risk. We observed a beneficial effect of vegetables and fruits, whereas we found that a diet rich in red meat, eggs, dairy products, potatoes and desserts increased the risk of OCP cancer. Consistently, we found inverse associations with vegetable protein, vegetable fats, polyunsaturated fatty acids and various antioxidant vitamins (such as carotenoids, vitamin C and E and folate), whereas direct associations were observed with animal protein, animal fat, saturated fatty acids, cholesterol and retinol. The protective role of vegetables and fruits on OCP cancer has been attributed to several micronutrients, including carotenoids, Estimated from unconditional logistic regression models adjusted for age, sex, centre, education, year of interview, body mass index, tobacco smoking, alcohol drinking and nonalcohol energy intake. Mean daily intake and s.d. among controls.
vitamin C and E, found to be inversely related to OCP cancer in our study, as well as in many other investigations (Negri et al, 2000; World Cancer Research Fund and American Institute for Cancer Research, 2007) . These components display both complementary and overlapping mechanisms of action, including antioxidant effects, binding and dilution of carcinogens in the digestive tract (Potter and Steinmetz, 1996; IARC, 2003) . However, data on the relation with single nutrients or food components are more limited and less consistent than those for fruits and vegetables (World Cancer Research Fund and American Institute for Cancer Research, 2007) . Thus, the protective effect of plant foods may results from a combination of different nutrients, and it is also possible that a more frequent consumption of fruits and vegetables is a nonspecific indicator of a more affluent and healthy diet (Garavello et al, 2008) . We found a positive association between red meat and OCP risk, but no meaningful association with poultry and processed meat. Meat consumption has been related to an increased risk of OCP cancer, although not all studies provided consistent results (Sapkota et al, 2008; Aune et al, 2009a; Lucenteforte et al, 2009 ). The INHANCE consortium reported a significant OR of 1.40 for meat consumption (OR ¼ 1.37 for processed meat) (Chuang et al, 2012) . Similarly, the European Prospective Investigation into Cancer and Nutrition (EPIC) including 682 upper aerodigestive tract cancers reported a positive association for total meat intake that was, however, mainly attributable to processed meat (RR ¼ 1.41) (Steffen et al, 2012) . The unfavourable role of meat on cancers of the upper aerodigestive tract may be attributed to its content of animal fat and cholesterol, which were positively associated with OCP cancer in our study. Other possible mechanisms include the carcinogenity of nitrites and N-nitroso compounds contained particularly in processed meat in the past (Grosse et al, 2006; Keszei et al, 2013) and the mutagen role of heterocyclic amines and polycyclic aromatic hydrocarbons developed during cooking (Phillips, 1999; Sinha, 2002; Zheng and Lee, 2009 ). An analysis of meat and cancer risk -including part of the data of the present study -according to cooking methods showed stronger excess risk of OCP cancer for fried meat as compared with roasted/grilled or boiled/stewed meat (Di Maso et al, 2013) .
We found increased risks of OCP cancer for eggs and milk and dairy products, whereas we found no association with fish consumption. Several studies suggested a possible increased risk relation with eggs, in the absence, however, of consistent results (World Cancer Research Fund and American Institute for Cancer Research, 2007; Aune et al, 2009b; Lucenteforte et al, 2009) . Similarly, the evidence on the role of milk and other dairy products on OCP cancer is inconsistent, with several studies reporting both direct and inverse relationships (World Cancer Research Fund and American Institute for Cancer Research, 2007; Peters et al, 2008; Sapkota et al, 2008; Lucenteforte et al, 2009) . A beneficial effect of fish on OCP cancer has been suggested by several studies (particularly case-control ones), but a few other studies provided direct or null associations (World Cancer Research Fund and American Institute for Cancer Research, 2007; Lucenteforte et al, 2009) .
We also found positive associations with soups, potatoes and desserts, on which, however, data are scanty and inconsistent (Lucenteforte et al, 2009) . A significant increased risk of OCP cancer in relation to soup consumption has also been reported in another Italian case-control study, and can be explained by thermal injury if soups are eaten hot (Chyou et al, 1995; Franceschi et al, 1999a) ; frequent consumption of soups may, however, also be an indicator of poor dentition. The positive relation with desserts (and sugars) may be related to their high glycaemic index and load (Augustin et al, 2003) . However, in our study no association was evident with cereals, sugars and starch. Thus, these positive associations should be cautiously interpreted. Limitations of our study are possible bias of case-control studies (Breslow and Day, 1980) . Bias in the recall of dietary information should be limited, as the awareness of dietary hypothesis on OCP cancer is limited in our population. Moreover, this bias is less relevant in hospital-based studies (D'Avanzo et al, 1997) . Dietary habits of hospital controls may be not representative of the general population, although we selected controls among patients with acute conditions not associated with long-term dietary modifications, and we excluded all diagnoses that might have been associated with tobacco smoking and alcohol drinking. This, together with the almost complete participation rate among cases and controls, is reassuring against a major role of selection bias. Among the strengths of our study are the large data set, the similar catchment areas of cases and controls and the satisfactory validity and reproducibility of information collected on dietary habits (Franceschi et al, 1993 (Franceschi et al, , 1995 Decarli et al, 1996) .
In conclusion, there is possible evidence that a diet rich in fruit and vegetables and poor in meat and products of animal origin has a favourable role against OCP cancer. This is also in line with information from a few studies that analysed the overall impact of diet in relation to OCP using a priori-defined scores (including the Mediterranean diet score) (Bosetti et al, 2003) or a posteriori dietary patterns (Bravi et al, 2012) . Moreover, our data further quantify the strong detrimental effect of the combination of low consumption of fruit and vegetables or high consumption of meat with high exposure to tobacco and alcohol (Toporcov et al, 2012) , with 10-to over 20-fold excess risks of OCP cancer.
